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ABSTRACT  Major  burns  induce  immune  complications,  which  are  associated  with  myeloid  cell  activation  by  ill-defined 
mechanisms.  Although  y5  T  cells  have  been  shown  to  be  important  in  postinjury  inflammation  and  wound  healing,  their  role 
in  the  regulation  of  myeloid  cells  remains  unknown.  To  study  this,  wild-type  (WT)  and  y5  T  cell  deficient  (8TCR7')  mice  were 
subjected  to  major  burn  (25%  total  body  surface  area,  third  degree)  or  sham  treatment.  At  3  days  thereafter,  skin  samples 
were  assayed  for  cytokine  content  or  used  to  isolate  single  cells  that  were  used  for  myeloid  cell  characterization  by  flow 
cytometry.  The  number  of  CD1 1  b+  myeloid  cells  increased  by  approximately  75%  in  the  wound  skin  of  WT  mice.  This  influx 
was  caused  by  increased  myeloid-derived  suppressor  cells  (CD1 1b+  GR1+)  whose  numbers  increased  19-fold  compared 
with  those  of  sham  skin.  In  contrast,  macrophage  (M0;  CD11b+  F4/80+)  numbers  decreased  by  approximately  50%  after 
burn.  In  5TCR'/_  mice,  burn  increased  the  myeloid  cell  numbers  approximately  5-fold.  The  increase  in  myeloid  cells  at  the 
injury  site  of  5TCR7'  mice  was  caused  by  both  a  myeloid-derived  suppressor  cell  (50-fold)  and  a  M0  (2-fold)  influx.  Burn 
increased  skin  cytokine  levels  for  a  number  of  prototypic  inflammatory  cytokines  (interleukin  ip,  interleukin  6,  tumor  ne¬ 
crosis  factor-a,  macrophage  inflammatory  protein  [MIP]  ip,  etc).  Tumor  necrosis  factor-a,  MIP-la,  and  Ml  P-1  p  levels  were 
further  elevated  (2-  to  3-fold)  in  the  injured  skin  of  5TCR7'  mice  compared  with  those  of  WT  mice.  In  conclusion,  these  data 
show  that  y8  T  cells  regulate  myeloid  cell  infiltration  of  the  wound  site  and  act  to  quell  inflammation,  thereby  promoting  the 
transition  to  the  proliferative  phase  of  wound  healing. 
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INTRODUCTION 

The  morbidity  and  mortality  associated  with  major  bum  can, 
in  part,  be  attributed  to  various  derangements  of  the  immune 
system  and  inflammatory  response  that  contributes  to  the  subse¬ 
quent  development  of  systemic  inflammatory  response  syndrome 
and  multiple  organ  failure  (1,  2).  Nonetheless,  inflammation  has 
a  beneficial  role  at  times  and,  in  particular,  plays  a  major  role 
in  the  complex  process  of  wound  repair.  The  regulation  and 
propagation  of  inflammatory  responses  are  highly  regulated  and 
involve  multiple  immune  cell  types  (i.e.,  T  cells,  macrophages, 
neutrophils). 

Numerous  studies  have  implicated  macrophages  and  other 
myeloid  cells  in  postburn  immune  dysfunction  (2-5).  In  general, 
these  studies  have  supported  a  concept  of  “hyperactivation” 
of  the  myeloid  cell  with  elevated  release  of  various  pro- 
inflammatory  mediators.  Nonetheless,  these  studies  have  pri¬ 
marily  focused  on  circulating  leukocytes  or  cells  from  primary 
immune  organs,  such  as  the  spleen.  Although  studies  have  ex¬ 
amined  wound  macrophage  function  and  phenotypes  (6-8), 
detailed  analysis  of  the  myeloid  cells  at  the  healing  burn  wound 
site  have  not  been  conducted.  Recent  findings  with  a  wound 
sponge  model  suggest  an  important  role  for  myeloid  cells  and  y5 
T  cells  in  the  burn  wound-healing  response  (9,  10).  Nonethe¬ 
less,  this  model  system  did  not  look  at  the  cells  directly  infil¬ 
trating  the  burn  wound. 
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T  cells  expressing  the  y§  TCR  normally  represent  a  small 
percentage  of  cells  in  lymphoid  tissues  but  are  abundant  in  the 
skin  and  other  epithelial  tissue  beds  (11).  With  regard  to  trauma, 
recent  studies  have  shown  the  presence  of  activated  y5  T  cells  in 
the  circulation  of  patients  with  severe  inflammatory  response 
syndrome,  demonstrating  the  important  role  of  these  cells  in  the 
early  response  to  severe  injury  (12),  and  preclinical  studies  have 
shown  the  presence  of  activated  y8  T  cells  in  the  circulation  of 
burn-injured  mice  (13).  The  current  study  was  undertaken  to 
better  characterize  the  role  of  wound  y5  T  cells  in  the  regulation 
of  the  wound  myeloid  cell  activity. 

MATERIALS  AND  METHODS 

Mice 

C57BL/6  wild  type  (WT)  and  mice  lacking  y6  T  cells  (5  TCR 1 ;  C57BL/6J 
TcrdlmlMora)  (male,  18  25  g;  the  Jackson  Laboratory,  Bar  Harbor,  Maine) 

were  used  for  all  the  experiments.  Mice  were  allowed  to  acclimatize  for  at  least 
1  week  before  experimentation  and  maintained  in  ventilated  cages  under  spe 
cific  pathogen  free  conditions.  Animals  were  randomly  assigned  to  either 
sham  or  bum  group.  All  animal  protocols  were  approved  by  the  Institutional 
Animal  Care  and  Use  Committee  of  the  University  of  Texas  Health  Science 
Center  at  San  Antonio.  This  study  was  conducted  in  compliance  with  the  Animal 
Welfare  Act,  the  implementing  Animal  Welfare  Regulations,  and  the  principles 
of  the  Guide  for  the  Care  and  Use  of  Laboratory  Animals. 

Burn  procedure 

Mice  received  a  scald  bum  as  described  previously  (14).  Briefly,  the  mice 
were  anesthetized  by  intraperitoneal  (i.p.)  injection  of  ketamine/xylazine,  and 
the  dorsal  surface  was  shaved.  The  anesthetized  mouse  was  placed  in  a  custom 
built  insulated  mold,  exposing  12.5%  of  their  total  body  surface  area  along  the 
right  dorsum.  The  mold  was  immersed  in  70°C  water  for  10  s  to  produce  a 
third  degree  bum.  The  bum  procedure  was  repeated  on  the  left  dorsal  side, 
yielding  a  total  bum  size  of  25%  total  body  surface  area.  Previous  studies  have 
verified  this  injury  to  be  a  full  thickness  buma  as  defined  by  observed  damage 
to  the  epidermal,  dermal,  and  subdermal  layers  (14).  No  analgesics  were  used 
postbum  because  they  can  impact  the  immune  response  to  burn  injury  and  other 
forms  of  trauma  (15).  The  mice  were  then  resuscitated  with  1  mL  of  Ringer’s 
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Table  1.  Skin  cell  count  (xIO6  cells  per  gram  wet  weight  of  skin) 

after  isolation 


Sham 

Burn  uninjured 

Burn  wound 

WT 

9.7  ±  1 .9* 

9.8  ±  1.0 

3.4  ±  0.9* 

STCR-'- 

4.6  ±  1.7 

8.2  ±  1.0 

5.2  ±  0.6 

Three  days  after  sham  or  bum  procedure,  skin  cells  from  WT  or  5  TCR7' 
mice  were  isolated  and  were  normalized  as  per  gram  wet  weight  of 
the  skin. 

'Data  are  mean  ±  SEM  for  three  to  seven  mice  per  group. 
fP  <  0.05  vs.  sham  and  burn  uninjured  skin  of  the  WT  mice. 


lactate  solution  administered  by  i.p.  injection  and  returned  to  their  cages.  The 
cages  were  placed  on  a  heating  pad  until  the  mice  were  fully  awake,  at  which 
time  they  were  returned  to  the  animal  facility.  Sham  treatment  consisted  of  an 
esthesia  and  resuscitation  only. 

Skin  tissue  collection ,  digestion ,  and  cell  isolation 

At  3  days  after  bum  or  sham  procedure,  skin  samples  were  collected,  and 
wet  weight  was  measured.  Normal  noninjured  skin  was  collected  from  sham 
and  bum  mice,  and  injured  skin  from  the  bum  site  was  collected  from  bum 
mice.  Skin  samples  from  the  bum  site  included  injured  skin  and  the  wound 
margin.  Al!  skin  samples  were  excised,  down  to  the  level  of  the  musculofascia, 
including  the  submucosal  layer,  which  contains  the  majority  of  the  infiltrating 
cells  in  the  burn  (16),  by  sharp  dissection. 

Collected  skin  tissues  were  washed  in  PBS  with  50  U/mL  penicillin  and 
50  pg/mL  streptomycin  (GIBCO)  in  a  60  mm  Petri  dish  (Coming),  and  the 
skin  was  minced  with  scissors  into  small  pieces  of  approximately  2  to  3  mm  in 
size  and  placed  into  dispase  II  medium  (0.05%;  Roche)  for  overnight  digestion 
at  4°C  on  an  orbital  rocker.  The  following  day,  the  skin  samples  were  further 
minced  into  smaller  pieces  and  then  digested  by  agitating  in  trypsin  GNK 
(0.3%,  glucose/dextrose,  NaCl,  and  KC1  buffer;  Sigma)  for  30  min  at  37°C  in  a 
water  bath  shaker.  Heat  inactivated  fetal  bovine  serum  (GIBCO)  was  added 
(10%  total  volume)  to  stop  the  digestion  reaction,  and  the  dissociated  cells 
were  sieved  through  a  100  pm  mesh.  The  cell  suspension  was  centrifuged  at 
400g  for  10  min  and  4°C  and  resuspended  in  RPMI  culture  medium  (RPMI 
with  10%  fetal  bovine  serum,  50  pM  of  2  mercaptoethanol  [Sigma  Aldrich], 
2  mM  L  glutamine  [GIBCO],  1  mM  sodium  pyruvate  [GIBCO],  100  pM 
nonessential  amino  acids  [GIBCO],  50  U/mL  penicillin,  50  pg/mL  strepto 
mycin  [GIBCO],  and  10  U/mL  murine  recombinant  interleukin  [IL]  2  [BD 
Biosciences]).  Cells  were  cultured  overnight  at  a  density  of  1  x  106/mL  in  a 
12  well  plate.  The  cultured  cells  were  passed  through  a  70  pm  mesh  before 
staining  for  flow  cytometry. 

Cell  phenotyping  by  flow  cytometry 

The  cells  were  washed  in  staining  buffer  (PBS  with  0.2  %  BSA  and  0.09% 
NaN3)  and  treated  with  Fc  blocking  antibody  (anti  CD16/CD32;  BD  Biosciences) 
for  15  min.  The  cells  were  stained  with  the  following  directly  conjugated  antibodies: 


anti  CD1  lb  (PetCPCy53;  Clone:  Ml/70),  anti  F4/80(PECy7;  Clone:  BM8),  and 
anti  Ly6G  (Grl ,  efluor450;  Clone:  RB6.8C5).  After  30  min  of  incubation  on  ice, 
the  cells  were  washed  and  resuspended  in  staining  buffer.  Appropriate  isotype 
controls  were  used  for  gate  setting  for  all  staining.  All  data  were  acquired 
using  an  LSRII  (BD  Biosciences)  and  analyzed  using  FlowJo  (Tree  Star) 
software.  A  minimum  of  50,000  events  was  collected,  and  live  cells  were 
gated  according  to  forward  and  side  scatter  properties  for  the  lymphocyte/ 
monocytes  gate.  Data  were  analyzed  as  percentage  cells  and  total  cells  per  gram 
of  wet  weight  of  skin  tissue. 

Determination  of  skin  cytokine  levels 

The  Bioplex  ( Bio  Rad)  system  was  used  for  cytokine  level  analysis  in  tissue 
lysates  according  to  the  manufacturer's  recommendations.  The  following  factors 
were  assessed:  IL  ip,  IL  6,  IL  10,  keratinocyte  derived  chemokine,  monocyte 
chemoattractant  protein  1 ,  macrophage  inflammatory  protein  (MIP)  la,  MIP  1  [5, 
and  tumor  necrosis  factor  a.  Cytokine  levels  were  normalized  to  skin  total  pro 
tein  levels  that  were  determined  by  the  bicinchoninic  acid  protein  assay. 

Statistical  analyses 

Data  are  expressed  as  mean  ±  SEM.  Comparisons  between  groups  were 
analyzed  using  ANO VA  and  SigmaPlot  1 1 .0  software  (Sy stat  Software  Inc, 
San  Jose,  Calif).  Further  post  hoc  analysis  used  the  Dunnett  method  for  mul 
tiple  comparisons  versus  the  control  group.  A  value  of  P  <  0.05  was  considered 
to  be  statistically  significant  for  all  analyses. 

RESULTS 

CDIIb  myeloid  cells  infiltrate  the  burn  wound  in  a  yS  T 
cell  dependent  manner 

Skin  cells  were  studied  at  3  days  after  sham  or  burn  procedure. 
The  data  in  Table  1  show  the  total  number  of  cells  (irrespective 
of  myeloid  lineage)  isolated  from  the  skin  of  sham  and  burn 
mice.  The  cell  numbers  are  normalized  to  the  wet  weight  of  the 
tissue  (in  grams).  In  WT  mice,  the  number  of  cells  collected 
from  bum  wound  skin  was  significantly  less  than  that  obtained 
from  sham  skin  or  uninjured  skin  from  bum  mice.  In  contrast, 
total  cell  numbers  were  comparable  in  skin  from  5TCR  /  mice 
irrespective  of  burn  injury  (Table  1 ). 

To  investigate  whether  y8  T  cells  impact  the  infiltration 
by  myeloid  cells  after  burn,  skin  cells  were  isolated  after  3  days 
of  sham  or  bum  procedure.  The  3-day  time  point  was  chosen 
based  on  our  previous  studies  (9,  16)  that  3  days  after  injury 
was  the  time  of  maximal  cellular  infiltration  and  observed  dif¬ 
ferences  in  growth  factors  at  the  wound  site  in  8TCR  /  mice 
compared  with  WT  mice.  Myeloid  cells  were  characterized  in 


- ►  FSC  Bum 

Fg.  1.  Impact  of  yS  T  cells  on  wound  CDIIb*  myeloid  cells.  Three  days  after  sham  or  burn  procedure,  skin  cells  from  WT  or  8  TCR*  mice  were  prepared 
and  studied  for  CDIIb*  myeloid  cell  characterization  using  flow  cytometry.  A,  Gating  strategy.  CD1 1b*  cells  from  the  lymphocyte/myeloid  cell  gate  of  WT  (A, 
upper  panel)  and  8  TCFT*  (A,  lower  panel)  mice.  Representative  dot  plots  are  shown  from  sham,  burn  uninjured,  and  burn  injured  skin  cells.  The  numbers 
indicate  the  percentages  of  CDIIb*  cells  as  determined  by  flow  cytometry.  B,  The  number  of  CD1 1b*  cells  as  normalized  to  gram  wet  weight  of  the  skin  tissue. 
Data  are  mean  ±  SEM  for  three  to  seven  mice  per  group.  "P  <  0.05  vs.  uninjured  skin  of  the  respective  WT  or  8  TCR+  mice.  fP<  0.05  vs.  burn  wound  of  the 
respective  WT  mice. 
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Fig.  2.  Impact  of  y8  T  cells  on  wound  F4/80*  myeloid  cells.  Three  days  after  sham  or  burn  procedure,  skin  cells  from  WT  or  8  TCR'A  mice  were  prepared 
and  studied  for  F4/80+  myeloid  cell  characterization  using  flow  cytometry.  A,  Gating  strategy.  FA/SO*  cells  from  the  lymphocyte/myeloid  cell  gate  of  WT  (Fig.  1  A, 
upper  panel)  and  8  TCFT'  (Fig.  1A,  tower  panel)  mice.  Representative  dot  plots  are  shown  from  sham,  burn  uninjured,  and  burn  injured  skin  cells.  The  numbers 
indicate  the  percentages  of  respective  population  as  determined  by  flow  cytometry.  B,  The  number  of  F4/80*  cells  as  normalized  to  gram  wet  weight  of  the  skin 
tissue.  Data  are  mean  ±  SEM  for  three  to  seven  mice  per  group.  "P<  0.05  vs.  uninjured  skin  of  the  respective  WT  orSTCIT7'  mice.  tP<0.05  vs.  bum  wound  of  the 
respective  WT  mice. 


the  lymphocyte/monocyte -gated  population  based  on  their 
CD  lib,  F4/80,  and/or  Grl  surface  expression.  Characterization 
of  different  myeloid  cells  demonstrated  a  significant  influx  by 
these  cells  in  the  burn  wound  compared  with  sham  skin  and 
uninjured  skin  from  burn  mice.  In  WT  mice,  the  percentage  of 
CDllb+  cells  is  increased  from  2.5%  for  sham  to  11.7%  for 
cells  from  the  bum  wound  (Fig.  1A).  The  percentages  of 
CDllb+  cells  in  uninjured  skin  from  burn  mice  were  compa¬ 
rable  to  that  of  sham  mice  (2.6%).  When  cell  numbers  were 
normalized  to  wet  weight  of  the  skin,  increases  in  CD1  lb+  cells 
at  the  wound  site  were  also  evident  (Fig.  IB).  In  mice  deficient 
in  y8  T  cells  (8TCR'/_),  the  percentages  of  CDllb+  myeloid 
cells  were  comparable  to  that  for  WT  mice  for  sham,  uninjured, 
and  wound  skin  (Fig.  1A).  In  contrast,  when  cell  percentages 
were  normalized  to  gram  wet  weight,  a  profound  7-fold  increase 
in  the  numbers  of  CD1  lb+  myeloid  cells  in  the  bum  wound  was 
observed  as  compared  with  sham  skin,  which  was  significantly 
greater  than  that  observed  in  WT  mice  (Fig.  IB). 

A  significant  decrease  in  the  percentage  of  F4/80+  myeloid 
cells  was  observed  in  the  burn  wound  compared  with  both 


sham  skin  and  uninjured  skin  from  bum  mice  (Fig.  2).  In  WT 
mice,  the  percentage  of  F4/80+  cells  from  sham  skin  was  com¬ 
parable  to  that  of  uninjured  skin  from  burn  mice.  When  the 
percentages  were  normalized  to  cells  numbers,  the  pattern  for 
cellular  infiltration  remained  comparable  (Fig.  2B).  In  8TCR  ^ 
mice,  the  percentages  and  numbers  of  F4/80+  cells  were  com¬ 
parable  for  sham  and  uninjured  skin  for  burn  mice.  Although  the 
percentages  and  total  numbers  of  F4/80+  cells  at  the  wound  site 
of  8TCR7  mice  were  decreased  as  compared  with  uninjured 
skin,  the  decrease  was  significantly  less  than  that  observed  in 
WT  mice  (Fig.  2). 

Further  characterization  of  myeloid  cells  for  Grl  expression 
revealed  a  significant  influx  by  these  cells  in  the  bum  wound 
compared  with  sham  skin  and  uninjured  skin  from  burn  mice 
(Fig.  3).  In  WT  mice,  the  percentage  and  absolute  numbers  of 
Grl+  cells  for  sham  skin  was  comparable  to  that  of  uninjured 
skin  from  burn  mice  (<1%;  Fig.  3,  A  and  B,  respectively).  Both 
the  percentages  and  cell  numbers  were  significantly  increased  up 
to  6-fold  in  the  skin  of  burn  wound  compared  with  sham  skin.  In 
parallel  to  the  response  to  bum  in  WT  mice,  the  percentages  of 


- ►  FSC  Burn 

Fig.  3.  Impact  of  y8  T  cells  on  wound  Grl*  myeloid  cells.  Three  days  after  sham  or  burn  procedure,  skin  cells  from  WT  or  8  TCR_/'  mice  were  prepared  and 
studied  for  Grl*  myeloid  cell  characterization  using  flow  cytometry.  A,  Gating  strategy.  Grl*  cells  from  the  lymphocyte/myeloid  cell  gate  of  WT  (Fig.  1A,  upper 
panel)  and  8  TCR‘A  (Fig.  1  A,  tower  panel)  mice.  Representative  dot  plots  are  shown  from  sham,  burn  uninjured,  and  burn  injured  skin  cells.  The  numbers  indicate 
the  percentages  of  respective  population  as  determined  by  flow  cytometry.  B,  The  number  of  Grl*  cells  as  normalized  to  gram  wet  weight  of  the  skin  tissue.  Data 
are  mean  ±  SEM  for  three  to  seven  mice  per  group.  "P<  0.05  vs.  uninjured  skin  of  the  respective  WT  or8  TCFfr  mice.  fP<  0.05  vs.  bum  wound  of  the  respective 
WT  mice. 
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Fg.  4.  Impact  of  y8  T  cells  on  wound  F4/80*CD1 1  b*  macrophages.  Three  days  after  sham  or  bum  procedure,  skin  cells  from  WT  or  8  TCFT,‘  mice  were 
prepared  and  studied  for  F4/8CTCD1 1b+  macrophage  cell  characterization  using  flow  cytometry.  A,  Gating  strategy.  F4/80*CD11  b+  cells  from  the  lymphocyte/ 
myeloid  cell  gate  of  WT  (Fig.  1A,  upper  panel)  and  8  TCFT/_  (Fig.  1A,  lower  panel)  mice.  Representative  dot  plots  are  shown  from  sham,  burn  uninjured,  and  burn 
injured  skin  cells.  The  numbers  indicate  the  percentages  of  respective  population  as  determined  by  flow  cytometry.  B,  The  number  of  F4/80*CD11b+  cells  as 
normalized  to  gram  wet  weight  of  the  skin  tissue.  Data  are  mean  ±  SEM  for  three  to  seven  mice  per  group.  *P<  0.05  vs.  uninjured  skin  of  the  respective  WT  or  8 
TCFT/'  mice.  fP  <  0.05  vs.  burn  wound  of  the  respective  WT  mice. 


Grl+  cells  in  the  burn  wound  of  8TCR7  were  significantly  in¬ 
creased  as  compared  with  sham  skin;  however,  they  were  markedly 
greater  than  that  observed  in  WT  mice  (9-fold  for  STCR  1  vs. 
6-fold  for  WT  mice).  When  the  percentages  were  normalized 
to  cell  numbers,  the  increased  infiltration  at  the  wound  site  in 
STCR 7"  mice  was  even  more  pronounced  as  compared  with  its 
sham  group  and  greater  than  that  observed  in  WT  mice  (Fig.  3B). 

Gamma  delta  T  cells  suppress  the  infiltration  of  the  burn 
wound  with  F4/80+CD1 1b*  macrophages 

The  percentage  and  absolute  number  of  F4/80+  CDllb+ 
cells  (i.e.,  macrophages)  in  the  skin  of  the  bum  wound  from 
WT  mice  significantly  decreased  by  approximately  50%  com¬ 
pared  with  sham  skin  (Fig.  4).  In  sharp  contrast  to  this  response 
to  burn  in  the  WT  mice,  the  percentage  and  absolute  numbers  of 
macrophages  in  the  burn  wound  of  STCR7  were  significantly 
increased  compared  with  sham  skin.  Absolute  cell  numbers  were 
increased  3-fold  over  that  of  sham  skin  and  13-fold  over  that  of 
bum  wound  skin  from  WT  mice  (Fig.  4B). 

Macrophages  (F4/80+  CD1  lb+)  were  further  investigated  in 
terms  of  their  CDllb  surface  expression  (Table  2).  Three 
populations  of  cells  were  identified  in  the  sham  skin,  uninjured 
skin,  and  wound  skin  from  bum  mice  (Fig.  5).  The  populations 
were  defined  as  F4/80+CDl  lbncg  (based  on  the  CD1  lb  isotype 
control;  up  to  ~103  logs  on  x  axis),  F4/80+CDl  lblow  (from 
~  103  logs  to  104  logs  on  x  axis),  and  F4/80+CDl  lbhigh  (from 
104  logs  until  end  of  x  axis).  In  WT  mice,  the  percentage  of 
F4/80+CDl  lblow  and  F4/80+CDl  lbhigh  cells  for  sham  skin  was 


comparable  to  that  of  uninjured  skin  from  burn  mice.  How¬ 
ever,  the  percentages  of  both  CD1  lblow  as  well  as  CD1  lbhlgh 
macrophages  was  significantly  increased  in  bum  wound  skin 
compared  with  sham  skin  (Fig.  5;  Table  2).  In  parallel  to  in¬ 
creased  percentage  of  these  cells  in  the  burn  wound,  there  was 
a  dramatic  shift  from  the  CD1  lblow  population  to  the  CD1  lb11*811 
population.  In  mice  lacking  78  T  cells  (8TCR7  mice),  the  pat¬ 
tern  for  both  CDllblow-  to  CD  1 1  bhlgh-expressing  macrophages 
in  the  skin  of  sham  mice,  uninjured  skin,  and  bum  wound  skin 
from  burn  mice  was  comparable  to  that  observed  in  WT  mice 
(Fig.  5;  Table  2). 

Gamma  delta  T  cells  suppress  the  infiltration  of  the  burn 
wound  with  myeloid-derived  suppressor  cells 
( CD11b*Gr1 *  MDSCs) 

In  contrast  to  macrophages,  CDllb+  GR1+  cells  (i.e., 
myeloid-derived  suppressor  cells  [MDSCs];  the  upper  right 
quadrant  of  dot  plots;  Fig.  6A)  were  negligible  in  sham  skin 
and  uninjured  skin  from  WT  and  8TCR7  mice.  In  WT  mice, 
the  percentages  and  number  of  CD1  lb+  GR1+  cells  in  the  skin 
of  the  bum  wound  significantly  increased  approximately  20-fold 
as  compared  with  sham  skin  (Fig.  6).  The  percentage  and  numbers 
of  MDSCs  in  the  burn  wound  of  8TCR7  mice  were  also  signi¬ 
ficantly  increased  compared  with  sham  skin;  however  the  in¬ 
creases  were  significantly  greater  (~  50-fold)  than  that  observed 
in  WT  mice.  The  number  of  MDSCs  in  the  burn  wound  of 
8TCR7  mice  was  also  greater  (4-fold)  than  that  observed  in  WT 
mice  (Fig.  6B). 


Table  2.  Percentages  of  F4/80*  macrophages  based  on  their  CD1 1  b  expression 


F480*  CD1 1  b10” 

F480*  CD11bhl9h 

Sham 

Burn  uninjured 

Burn  wound 

Sham 

Bum  uninjured 

Burn  wound 

WT 

18.0  ±  1.6* 

16.1  ±  1.8 

26.8  ±  2.0* 

27.8  ±  5.5 

25.7  ±  3.5 

56.2  ±  0.6* 

8  TCRV' 

22.0  ±  6.1 

22.2  ±  0.6 

31.9  ±  1.8* 

17.6  ±2.8 

22.2  ±  1.3 

58.0  ±  1.7* 

Three  days  after  sham  or  burn  procedure,  skin  cells  from  WT  or  8  TCR'A  mice  were  prepared  and  studied  for  CD1 1blow  and  CD1 1  bhi9h  expression  on 
F4/80*  macrophages  using  flow  cytometry. 

*Data  are  mean  ±  SEM  for  three  to  seven  mice  per  group. 

fP  <  0.05  vs.  uninjured  skin  of  the  respective  WT  or  8  TCRV‘  mice. 
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Fig.  5.  Characterization  of  F4/80*  macrophages  based  on  the  CD1 1  b1”"  and  CD1 1  bhl9h  expression.  Three  days  after  sham  or  burn  procedure,  skin  cells 
from  WT  or  8  TCRV‘  mice  were  prepared  and  studied  for  F4/8CTCD1 1b+  macrophage  cell  characterization  using  flow  cytometry.  A,  Gating  strategy.  F4 1 
80*CD1 1b*  cells  from  the  lymphocyte/myeloid  cell  gate  of  WT  (Fig.  1A,  upper  panel)  and  8  TCRV‘  (Fig.  1A,  lower  panel)  mice.  Representative  histograms  are 
shown  from  sham,  burn  uninjured,  and  bum  injured  skin  cells.  The  numbers  indicate  the  percentages  of  respective  population  as  determined  by  flow  cytometry. 
Data  are  mean  ±  SEM  for  three  to  seven  mice  per  group.  *P  <  0.05  vs.  uninjured  skin  of  the  respective  WT  or  8  TCRV'  mice.  fP  <  0.05  vs.  burn  wound  of  the 
respective  WT  mice. 


The  percentage  for  the  CD  1 1  b+  GR 1  myeloid  cells  (population 
shown  in  the  upper  left  quadrant  of  dot  plots  in  Fig.  6;  Table  3) 
from  WT  mice  significantly  increased  by  2-fold  in  the  skin  of  the 
bum  wound  compared  with  sham  skin  (Table  3).  However,  the 
absolute  number  of  CD1  lb+  GRI  cells  in  the  burn  wound  was 
comparable  to  that  of  the  sham  skin.  The  percentages  for  the 
CD1  lb+  GR1‘  myeloid  cells  in  the  burn  wound  of  STCR  ^  mice 
were  significantly  increased  as  compared  with  sham  skin  and 
was  significantly  greater  (~5-fold)  than  that  observed  in  WT 
mice.  Although  the  absolute  numbers  of  CDllb+  GRI  cells  in 
WT  mice  were  comparable  irrespective  of  the  injury,  a  7-fold 


increase  was  observed  in  the  burn  wound  of  STCR'-  mice 
compared  with  the  sham  skin.  Further  characterization  of  the 
CD1  lb+  GR1‘  cells  in  terms  of  their  F4/80  expression  revealed 
that  most  of  these  cells  in  the  WT  sham  skin  or  uninjured  skin 
from  the  burn  mice  were  F4/80+  (i.e.,  CDllb+  GRlT4/80+  , 
~80%  -  96%;  Table  4).  However,  the  percentage  of  CD1  lb+ 
GRl-F4/80+  cells  was  significantly  decreased  in  the  bum  wound 
skin  (19%  in  bum  wound  vs.  87%  in  sham  skin).  In  8TCR7' 
mice,  the  percentages  of  CD1  lb+  GRTF4/80+  cells  were  com¬ 
parable  to  that  for  WT  mice  for  sham  and  uninjured  skin  for  bum 
mice:  96%  for  sham  skin;  86%  for  uninjured  skin  from  bum  mice. 


Grl 


Burn 


Fig.  6.  Impact  of  y8  T  cells  on  wound  CD1 1  b*Gr1*  myeloid-derived  suppressor  cells.  Three  days  after  sham  or  burn  procedure,  skin  cells  from  WT  or  8 
TCRV‘  mice  were  prepared  and  studied  for  CD11b*Gr1*  MDSCs  characterization  using  flow  cytometry.  A,  Gating  strategy.  CD11b*Gr1+  cells  from  the  lym 
phocyte/myeloid  cell  gate  of  WT  (Fig.  1A,  upper  panel)  and  8  TCFr'‘  (Fig.  1A,  lower  panel)  mice.  Representative  dot  plots  are  shown  from  sham,  burn  uninjured, 
and  burn  injured  skin  cells.  The  numbers  indicate  the  percentages  of  respective  population  as  determined  by  flow  cytometry.  B,  The  number  of  CD11b+  Grl* 
cells  as  normalized  to  gram  wet  weight  of  the  skin  tissue.  Data  are  mean  ±  SEM  for  three  to  seven  mice  per  group.  *P<0.05  vs.  uninjured  skin  of  the  respective 
WT  or  8  TCR*'  mice.  fP<  0.05  vs.  burn  wound  of  the  respective  WT  mice. 
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Table  3.  Characterization  of  CD11b+  Grl'  myeloid  cells 


Percentage 

Cell  number,  x105  cells  per  gram  wet  weight  of  skin 

Sham 

Burn  uninjured 

Burn  wound 

Sham  Burn  uninjured 

Burn  wound 

WT 

2.6  ±  0.4* 

2.5  ±  0.2 

5.3  ±  0.4* 

2.2  ±0.1  2.4  +  0.6 

2.0  ±0.3 

6  TCR7' 

2.6  ±  0.2 

3.3  ±  0.2 

11.6  ±1.1+* 

1.4  ±0.2  3.4  ±0.7 

9.3  ±  1  An 

Three  days  after  sham  or  burn  procedure,  skin  cells  from  WT  or  5  TCR7'  mice  were  studied  for  CD1 1  b  and  Grl  expression  to  characterize  CD1 1  b+Gr1 
myeloid  cells  using  flow  cytometry. 

*Data  are  mean  ±  SEM  for  three  to  seven  mice  per  group. 

+P  <  0.05  vs.  uninjured  skin  of  the  respective  WT  or  6  TCR7'  mice. 

*P  <  0.05  vs.  injured  skin  of  the  respective  WT  mice. 


In  parallel  to  WT  mice,  the  percentage  of  CDIlb+  GRl"F4/80+ 
cells  in  the  bum  wound  skin  of  5TCR_/"  mice  was  decreased 
significantly  compared  with  sham  skin;  however,  the  decrease 
was  far  less  than  that  observed  in  WT  mice  (Table  4). 

Gamma  delta  T  cells  suppress  aspects  of  the 
myeloid-mediated  burn  wound  inflammatory  response 

The  burn  wound  inflammatory  response  was  assessed  by 
measuring  the  cytokine  content  of  skin  lysates.  As  expected,  a 
number  of  proinflammatory  cytokines  were  elevated  in  the 
burn  wound  of  WT  mice  (Fig.  7).  In  particular,  a  50-fold  in¬ 
crease  in  the  levels  of  IL-6  and  a  150-fold  increase  in  the  levels 
of  MIP-la  were  observed  in  the  burn  wound  compared  with 
sham  skin.  Interleukin  10  was  the  only  cytokine  measured  that 
did  not  increase  in  the  burn  wound  compared  with  sham  skin.  A 
number  of  the  inflammatory  cytokines  were  further  increased  in 
the  burn  wound  of  5TCR"/_,  as  the  levels  of  MIP-la,  MIP-ip, 
and  TNF-a  in  the  burn  wound  of  5TCR"/_  mice  were  approxi¬ 
mately  2-  to  3-fold  greater  than  that  of  wounds  from  WT  mice. 

DISCUSSION 

Major  burn  is  associated  with  immunoinflammatory  and  wound 
healing  complications  (4,  9,  10,  17-19).  However,  although 
inflammatory  complications  are  deleterious,  inflammation  also 
plays  an  important  role  in  the  progression  of  the  injury  healing 
process,  via  the  recruitment  of  immune  cells  to  the  injury  site 
(9,  17).  These  immune  cells,  that  include  myeloid  cells  (i.e., 
neutrophils  and  macrophages)  and  T  cells,  release  a  wide  range 
of  factors,  including  cytokines,  chemokines,  and  growth  factors 
that  are  essential  for  proper  wound  healing  (17,  20-22).  Our 
group  has  previously  shown  that  y5  T  cells  play  a  pivotal  role 
after  burn  in  the  regulation  of  inflammation  and  wound  healing 
(9,  16,  19).  Interestingly,  y5  T  cells  also  have  been  shown  to 
induce  macrophage  infiltration  of  the  wound  site  (23),  which  are 
central  in  the  immune  complications  associated  with  bum  (2,  19). 
The  current  study  was  conducted  to  assess  the  role  of  y§  T  cells 
in  the  regulation  of  myeloid  cells  at  the  bum  wound  site.  Our 
findings  herein  demonstrate  that  the  y5  T  cells  are  critical  in 
the  regulation  of  myeloid  cell  trafficking  at  the  bum  wound  site. 
In  the" absence  of  y5  T  cells,  (5TCR'/_  mice)  CDllb+,  F4/80+, 
and  Grl+  myeloid  cell  numbers  were  markedly  increased  over 
that  observed  in  WT  burn  mice.  This  increased  influx  of 
myeloid  cells  included  both  CD1  lb+F4/80+  macrophages  and 
CD1  lb+Grl+  MDSCs. 

Wound  healing  after  burn  is  an  intricate  process  orchestrated 
by  the  complex  interplay  of  myeloid  cells,  T  cells,  and  other 


immune  cells  (10).  Previous  studies  have  shown  a  role  for  my¬ 
eloid  cells  in  the  immune  response  to  bum,  trauma,  and  sepsis 
(17,  19,  24—26).  Gr-1,  CDllb,  and  F4/80  antigens  have  been 
shown  to  be  expressed  on  the  surface  of  immature  myeloid  cells 
and  monocytes.  In  the  present  study,  characterization  of  the 
wound  infiltrating  cells  revealed  that  CD1  lb+,  F4/80+,  and  Grl  + 
myeloid  cells  were  increased  over  that  observed  in  uninjured 
skin.  Further  characterization  of  myeloid  cells  demonstrated 
that  these  cells  were  composed  of  both  traditional  macrophages 
(CDllb+F4/80+)  and  CDllb+Grl+  myeloid  cells.  These  mye¬ 
loid  cells  have  been  shown  to  increase  in  animal  models  and 
patients  with  cancer,  injury,  and  infection  (5,  17,  26,  27).  Caims 
et  al.  (28)  have  also  shown  an  accumulation  in  the  periphery  of 
CDllb+F4/80+  macrophages  after  burn  injury.  Further  charac¬ 
terization  of  F4/80+  based  on  the  CD1  lbIow  and  CD1  lbhlgh  ex¬ 
pression  revealed  that,  after  injury,  both  of  these  populations 
were  increased  significantly  at  the  burn  wound  site;  however, 
there  was  a  profound  shift  toward  a  CDllbhlsh-expressing  pop¬ 
ulation.  Holt  et  al.  (29)  have  also  identified  two  distinct  macro¬ 
phage  populations  in  mouse  liver  after  acetaminophen  challenge. 
Although  they  observed  CD1  lblowF4/80hlgh  macrophages  in 
PBS-treated  control  mice,  CD1  lbhlghF4/80Iow  macrophages  were 
present  in  the  mice  challenged  with  acetaminophen.  In  another 
study,  Arnold  et  al.  (30)  demonstrated  a  change  in  the  phenotype 
of  recruited  monocytes  during  the  resolution  of  inflammation 
and  tissue  repair.  They  demonstrated  that  the  recruited  macro¬ 
phages  at  the  tissue  injury  site  were  changed  from  inflammatory 
to  anti-inflammatory  phenotype,  which  was  tissue  protective. 
The  different  subsets  observed  in  our  study  may  represent  acti¬ 
vated  resident  macrophages  that  have  increased  the  expression  of 
CDllb  or,  alternatively,  they  may  be  derived  from  circulating 
monocytes  that  are  recruited  at  the  wound  site  after  burn. 

A  profound  increase  in  CDllb+Grl+  myeloid  cells  was 
observed  at  the  wound  site  after  burn.  In  this  regard,  MDSCs 


Table  4.  Characterization  of  CD11b+Gr1"  myeloid  cells  based  on 
their  F4/80  expression 


Sham 

Burn  uninjured 

Burn  wound 

WT 

86.7  ±  1.3* 

79.1  ±  3.3 

19.1  ±  3.1f 

8  TCR7' 

95.9  +  1.0 

85.9  +  1.9 

46.8  ±  4.3** 

Three  days  after  sham  or  burn  procedure,  skin  cells  from  WT  or  5  TCR7' 
mice  were  prepared  and  studied  for  CDllb,  Grl,  and  F4/80  expression 
to  characterize  CD11b+Gr1"  myeloid  cells  using  flow  cytometry.  Gating 
was  on  the  CD11b+  Grl'  cell  population. 

*Data  are  mean  ±  SEM  for  three  to  seven  mice  per  group. 

+P  <  0.05  vs.  uninjured  skin  of  the  respective  WT  or  5  TCR7'  mice. 

*P<  0.05  vs.  injured  skin  of  the  respective  WT  mice. 
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Fig.  7.  Cytokine  content  in  uninjured  and  burn  skin  lysates.  Three  days  after  sham  or  burn  procedure,  skin  cells  from  WT  orS  TCR',_  mice  were  prepared 
and  assessed  for  interleukin  (IL)  1(5,  IL  6,  IL  10,  tumor  necrosis  factor  a  (TNF  a),  keratinocyte  derived  chemokine  (KC),  monocytes  chemoattractant  protein  1 
(MCP  1),  macrophage  inflammatory  protein  (MIP)  la  and  MIP  ip  expression  by  Luminex  as  described  in  Materials  and  Methods.  Data  are  mean  ±  SEM  for  three 
to  seven  mice  per  group.  "P  <  0.05  vs.  uninjured  skin  of  the  respective  WT  or  8  TCR'/_  mice.  rP<  0.05  vs.  injured  skin  of  the  respective  WT  mice. 


are  a  heterogeneous  population  of  myeloid  cells  that  are  char¬ 
acterized  by  the  coexpression  of  CD1  lb  and  Grl  (26,  31);  thus, 
this  cellular  infiltration  is  likely  composed  of  MDSCs.  Grl  and 
CDllb  are  coexpressed  on  both  neutrophils  and  on  MDSCs; 
however,  neutrophils  do  not  express  F4/80,  a  macrophage- 
associated  molecule  (32).  On  the  contrary,  MDSCs  have  been 
shown  to  express  F4/80  (33).  Therefore,  the  cells  characterized 
herein  are  consistent  with  an  MDSC  phenotype.  Nonetheless, 
MDSCs  are  a  heterogeneous  population,  and  a  limitation  of  the 
experiments  presented  is  the  absence  of  analysis  of  more  spe¬ 
cific  MDSC  markers,  such  as  CD3 1 ,  and  the  absence  of  HLA- 
DR  expression.  Subsequent  studies  will  need  to  address  analysis 
of  these  markers,  as  well  as  the  presence  of  suppressor  activity 
by  the  burn  wound  infiltrating  cells  to  confirm  that  they  are 
truly  MDSCs.  Myeloid-derived  suppressor  cells  have  only  re¬ 
cently  been  reported  in  the  trauma  and  sepsis  literature  (10,  17, 
24-26).  Mendoza  et  al.  (17)  have  shown  the  proliferation  of 
CDllb+Grl+  MDSCs  within  secondary  lymphoid  organs  in  a  ra¬ 
diation  and  bum  injury  mouse  model,  whereas  other  researchers 
have  shown  an  increase  in  CDllb+Grl+  splenic  MDSCs  after 
traumatic  injury  in  the  mouse  (26,  34).  With  regard  to  burn, 
Noel  et  al.  described  an  increase  in  CD1  lb+Grl+  population  in 
the  spleen  of  burn  mice  (18).  Although  these  studies  demon¬ 
strate  a  role  for  MDSCs  after  injury,  they  have  focused  on 
lymphoid  organs  and  not  the  injury  site.  In  contrast,  our  recent 
findings  in  a  wound  sponge  model  showed  an  infiltration  of 
CDllb+Grl+  cells  at  3  days,  irrespective  of  burn  injury  (10). 
The  specific  factors  involved  in  MDSC  trafficking  to  the  bum 
wound  remain  to  be  elucidated.  Our  previous  studies  have 
shown  that  the  chemokine  levels  are  reduced  in  bum-injured 
y8  T  cell-deficient  mice  (35).  It  is  probable  that  suppressed 


chemokine  levels  in  the  bum  wound  of  y8  T  cell-deficient  mice 
are  in  part  causative  for  the  changes  in  myeloid  cell  infiltration 
that  were  observed. 

The  expansion  of  MDSCs  was  shown  to  be  beneficial  by 
increasing  immune  surveillance  and  innate  immune  responses 
in  different  injury  models  (17,  25).  In  addition  to  their  sup¬ 
pressive  effects  on  adaptive  immune  responses,  MDSCs  have 
also  been  reported  to  regulate  innate  immune  responses  by 
modulating  macrophage  cytokine  production. 

Noel  et  al.  (36)  have  shown  that  infiltrating  monocytes  in  the 
spleens  of  burned  mice  had  increased  inflammatory  properties, 
including  TNF-a  production.  In  the  study  herein,  we  also  ob¬ 
served  elevated  TNF-a  levels,  which  may  be  caused  by  the  in¬ 
filtration  MDSCs. 

Our  findings  suggest  that,  early  after  bum  (i.e.,  3  days), 
there  is  a  transition  in  the  myeloid  cell  population  at  the  injury 
site  from  a  traditional  macrophage  phenotype  (F4/80+)  to  a 
MDSC  phenotype  (i.e.,  Grl+),  as  in  WT  mice,  MDSC  numbers 
increased  and  the  numbers  of  F4/80+  cells  decreased. 

The  lack  of  y8  T  cells  profoundly  influenced  the  myeloid 
cell  populations  at  the  wound  site.  Relative  to  WT  mice,  the 
numbers  of  CD1  lb+,  F480+,  and  Grl+  myeloid  cells  markedly 
increased  after  bum.  This  supports  the  concept  that  y8  T  cells 
at  the  burn  wound  site  can  act  to  suppress  myeloid  cell  influx. 
In  sharp  contrast,  Jameson  et  al.  (23)  have  shown  that  y8  T  cells 
are  essential  in  the  rapid  migration  of  macrophages  to  the  wound 
site  in  a  murine  punch  wound  model.  These  differences  between 
our  study  and  that  of  Jameson  et  al.  may  be,  in  part,  related  to  the 
type  of  injury  (bum  versus  punch  wound)  and  the  overall  sys¬ 
temic  inflammatory  response  associated  with  burn  as  opposed  to 
an  isolated  punch  wound  injury  that  would  induce  a  minimal 
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systemic  response.  We  have  previously  shown  that  punch  wound 
closure  rates  are  suppressed  in  burn  mice  (37),  supporting  the 
concept  that  the  wound  inflammatory  response  differs  between 
these  two  models. 

Nitric  oxide  (NO)  is  known  to  promote  angiogenesis  (38); 
therefore,  it  can  be  speculated  that  the  appearance  of  NO- 
producing  MDSCs  at  the  wound  site  3  days  after  burn  helps 
transition  the  wound  from  an  inflammatory  to  the  proliferative 
stage  of  healing.  Gamma  delta  T  cells  also  regulate  iNOS  ex¬ 
pression  at  the  burn  wound  site  because  iNOS  expression  in 
the  injured  tissue  was  significantly  decreased  in  the  absence  of 
y5  T  cells  (39).  The  lack  of  NO-mediated  suppression  in  burn 
5TCR7  mice  may  allow  for  expansion  of  the  myeloid  cell 
populations  at  the  wound  site.  Nitric  oxide  is  also  involved  in 
several  inflammatory  pathways,  including  granulation  tissue 
formation,  epithelial  proliferation,  collagen  synthesis,  and  an¬ 
giogenesis,  and  thereby  helps  accelerate  wound  recovery  (38). 
Alternatively,  y5  T  cells  produce  a  number  of  chemokines  for 
the  recruitment  of  other  immune  cells,  and  the  lack  of  infil¬ 
tration  by  these  cells  may  influence  the  myeloid  cell  numbers 
and  phenotype. 

Although  y5  T  cells  are  the  predominant  dermal  T  cells  in  the 
mouse  skin,  in  humans,  the  majority  of  the  T  cells  are  of  aP  TCR 
lineage  (19,  40).  Nonetheless,  it  is  clear  from  different  clinical 
studies  that  yS  T  cells,  in  human  skin,  play  an  important  role 
in  dermal  pathologies,  such  as  systemic  lupus  erythemoatosis, 
leprosy,  leishmaniasis,  and  malignancies  (41,  42).  Thus,  al¬ 
though  the  absolute  numbers  of  y5  T  cells  in  human  skin  may  be 
less  than  that  observed  in  rodents,  they  are  an  active  cell  pop¬ 
ulation  in  humans  and  their  role  in  human  dermal  pathology  is 
clearly  evident. 

In  the  current  study,  in  parallel  to  the  infiltration  of  myeloid 
cells  and  MDSCs,  we  also  observed  an  increase  in  the  number 
of  inflammatory  cytokines  and  chemokines  such  as,  IL-ip,  IL-6, 
TNF-a,  MIP-la,  MIP-ip,  and  monocyte  chemoattractant  pro¬ 
tein  1  at  the  burn  site.  The  levels  of  epidermal  TNF-a,  MIP-la, 
and  MIP-ip  were  further  elevated  in  the  injured  skin  of  § 
TCR7'  mice  compared  with  WT  mice.  These  data  are  consis¬ 
tent  with  our  previous  findings  by  Oppeltz  et  al.  (39).  In  contrast, 
a  study  by  Daniel  et  al.  (9)  showed  a  profound  attenuation  in 
cytokine/chemokine  levels  at  the  wound  site  in  §  TCR7"  mice. 
This  suggests  that  y5  T  cell-mediated  regulation  of  resident 
immune  cells  (in  the  current  study)  and  that  of  infiltrating  cells 
in  the  study  by  Daniel  et  al.  (9)  are  markedly  different. 

The  role  of  y5  T  cells  in  the  recruitment  of  inflammatory 
cells  to  the  injury  site  after  burn  has  been  previously  described, 
as  y5  T  cell-deficient  mice  displayed  a  significant  reduction 
in  the  cellular  infiltration  of  the  wounds  and  decreased  growth 
factor  (9,  16).  Our  recent  study  provides  evidence  that  y5  T  cells 
also  regulate  T-cell  infiltration  of  the  burn  wound,  as  infiltration 
of  the  wound  with  aP  T  cells  was  markedly  attenuated  in  y5  T 
cell-deficient  mice  (43 ).  Thus,  these  studies  support  the  concept 
that  y§  T  cells  play  a  central  role  in  regulating  burn  wound 
infiltration,  inflammation,  and  healing. 

In  conclusion,  y5  T  cells  play  in  important  role  in  myeloid 
cell  recruitment  to  the  wound  site  early  after  burn  and  appear 
to  act  to  transition  the  wound  from  an  inflammatory  stage  to  a 
proliferative  stage  of  healing.  Based  on  these  findings  and  that 


wound  healing  after  bum  is  a  relevant  clinical  problem  and  clearer 
understanding  of  potential  targets  of  therapeutic  intervention 
(i.e.,  y§  T  cells  and  MDSCs),  data  may  provide  improvements 
in  burn  care,  leading  to  decreased  morbidity  and  mortality. 
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